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Abstract: This paper reviews the experiments on the laser produced electron-positron jets using large laser facilities worldwide. The 
goal of the experiments was to optimize the parameter of the pair jets for their potential applications in laboratory-astrophysical 
experiment. Results on tuning the pair jet’s energy, number, emittance and magnetic collimation will be presented.  
 

1. Introduction 

Relativistic electron-positron pair plasmas and jets are 
believed to be abundant in many astrophysical objects 
and are invoked to explain energetic phenomena related 
to Gamma Ray Bursts, Active Galactic Nuclei, and 
Black Holes [1-9]. Making a relativistic electron-
positron (antimatter) plasma in the laboratory that is 
astrophysical-relevant has been challenging due to the 
difficulties associated with producing high density of the 
pairs, the short lifetime of positrons, and their highly 
relativistic energies. As a result, the experimental 
platforms capable of simulating astrophysical conditions 
have so far been absent. In the past few years, 
groundbreaking steps have been made using high-energy 
ultra-short laser pulses to make large numbers of 
positrons in a small volume [10]. These laser produced 
relativistic electron-positron are jet-like and have the 
natural property of high energy and high density, which 
is ideally suited to simulate the astrophysical jets. In this 
paper we review the experimental effort on optimizing 
the parameter of the pair jets for their potential 
applications in laboratory-astrophysical experiment 
using large laser facilities worldwide.  

2. Tuning the Parameters of Laser Produced Pairs 

Positrons produced from intense laser-target interactions 
have several characteristics that may prove essential for 
making it a laboratory-astrophysics relevant relativistic 
pair plasma. The first is that intense lasers can make a 
very large number of positrons (1010 to 1012 per shot) in 
a short time (1 – 100 ps) [10]. This feature, in 
combination with the small volume (~mm3) these 
positrons occupy, leads to a high density of positrons, 
even though only for a very short time. The second 
characteristic is that the target sheath field can accelerate 
these positrons to 10s of MeV, enabling positrons to be 
made and accelerated to the relativistic regime in one 
integrated process. The third characteristic is that MeV 
electrons and positrons produced from the laser-target 
interaction form overlapping jets behind the target, 

allowing much higher pair density to be achieved than it 
would be if the pairs were distributed isotropically. 

In the past few years, extensive experimental work has 
been carried out by our collaboration. We have 
performed experiments on the Titan and OMEGA EP 
lasers in the USA, as well as at the Osaka LFEX in Japan 
and AWE Orion laser in the UK. These experiments 
focused on understanding the physics of positron 
production, beam emittance of the jets, scaling with laser 
parameters and collimation.  The results are summarized 
below. 

2.1 Beam emittance 

Emittance is a basic parameter that describes the quality 
of particle beams and can be derived through 
measurements of beam divergence and source size. We 
measured these two parameters for different positron 
energies under various laser conditions. The divergence 
angle (full-width at half-maximum) was found to be 20 ± 
6 degrees for laser energy of ~300 J at 10 ps (the 
positrons distribution was peaked at ~12 MeV); ~ 22 
degrees for ~850 J, at 10 ps pulse duration, where the 
peak of the positron energy distribution shifted to ~18 
MeV due to the higher laser energy. We found that both 
the positron beam divergence and source size varied as a 
function of positron beam energy at the peak of its 
distribution. The source size varied between 800 and 400 
mm for peak energies between 6.5 MeV and 16 MeV, 
respectivelyThe new results show that the emittance of 
laser-produced positrons is 100 – 500 mm-mrad, 
comparable to that obtained at the Stanford Linear 
Collider [11].  

2.2 Scaling 
The positron yield as a function of laser energy is not 
linear [13]. This is surprising, since, assuming that the 
fraction of absorbed laser energy is constant, one would 
expect the positron yield to be linearly proportional to 
the laser energy. Our result indicates that another physics 
parameter becomes important when the laser energy is 
higher than about 1 kJ. For example, simulations have 
shown that the electron reflux factor and the 
enhancement of the hot electron temperature appear to 



Conference on Laser Energetics (CLE2015), Yokohama, Japan, Apr. 22 - Apr. 24, 2015 
 

2 
 

play a less important role at intensities in the range 1018 
– 1019 W/cm2, but can no longer be ignored when it is 
higher than 1019 W/cm2, corresponding to laser energies 
higher than 1000 J. 

2.3 Confinement 

The ultimate goal is to confine the particles to make a 
relativistic charge-neutral electron-positron pair plasma. 
If successfully confined, the electron-positron plasma 
would offer a novel system to enable a detailed study of 
some of the most exotic and energetic systems in the 
universe. We performed initial experiments on the 
OMEGA EP laser system (at ~1 kJ over 10 ps), which 
were designed to collimate the positron jets produced in 
high intensity laser-plasma interactions.  The targets 
were of 1-mm-thick gold. Previous experiments by this 
team have shown that quasi-monoenergetic relativistic 
positron jets with a beam divergence of 30˚ were formed 
during high-intensity interactions with thick gold targets 
[10]. The current experiments were designed to collimate 
the positron jet with an external magnetic lens.  Using 
the recently developed magnetized-inertial fusion 
electrical delivery system (MIFEDS) [15], strong 
collimation of both positrons and electrons were 
observed. This results in a “near-pencil” beam with an 
equivalent beam divergence angle of 5˚. The charge 
imbalance was reduced from ~100 (no collimation) to ~ 
2.5 (with collimation), a significant step towards making 
a charge neutral electron-positron pair plasma in the 
laboratory. A jet of positrons and electrons was emitted 
from the rear side of the target. Between the target and 
the detector, MIFEDS coils produced peak magnetic 
field of about 7 Tesla. The collimated beams were 
measured with a magnetic electron-positron 
spectrometer. Without the external magnetic field, the 
peak densities are about 1013 and 1015 cm-3 for positrons 
and electrons, respectively [10].  With the external B-
field applied, a factor of ~40 increase in the peak 
positron signal was observed [16]. 

4. Summary and Future plan 

We have shown that the laser-produced positrons have a 
geometric emittance between 100 - 500 mm-mrad, 
comparable to the positron sources used at existing 
accelerators. With 1010-1012 positrons per bunch, this 
low-emittance beam, which is quasi-monoenergetic in 
the energy range of 5 – 20 MeV, may be useful as an 
alternative positron source for future accelerators. 

Building upon the progress as described in this paper, 
our next step is to attempt trapping the particles in order 
to create a pair plasma. This will be a very challenging 
task as the particle energies are relativistic and the 
particle flux is orders-of-magnitudes higher than that 

obtained from conventional sources such as radioactive 
isotopes. With the development of high power lasers and 
the pair collimation schemes, we hope to eventually use 
the multi-kilojoule, short-pulse laser systems worldwide, 
in combination with more advanced target designs, to 
create the first relativistic high-density pair plasmas in 
the laboratory - a completely novel system enabling 
detailed study of some of the most exotic and energetic 
systems in the universe [1-9].   
. 

Acknowledgement 
We gratefully acknowledge the facility support from 
Jupiter Laser Facility, Omega EP, Osaka LFEX and 
AWE Orion during the experiments. This work was 
performed under the auspices of the US DOE by 
Lawrence Livermore National Laboratory under 
Contract DE-AC52-07NA27344, and funded by the 
LDRD (12-ERD-062) program. 

References 
 

[1]. E. Fermi, Phys. Rev. 75, 1169 (1949). 
[2]. A. R. Bell, Monthly Notices of the Royal Astronomical Society, 

182, 147 (1978). 
[3]. R. Blandford, and J. Ostriker, Astrophysics. J, 221, L29 (1978); 

R. Blandford and D. Eichler, Phys. Rep. 154, 1 (1987). 
[4]. P. Meszaros, Annal Review of Astronomy and Astrophysics 40, 

137 (2002). 
[5]. F. Mirabel and L. F. Rodriguez, Review of Astronomy and 

Astrophysics 37, 409-43 (1999). 
[6]. A. Spitkovsky, ApJ Lett., 673, L39 (2008); A. Spitkovsky, AIP 

Conf. Proc., 801, 345 (2005); L. Sironi and A. Spitkovsky, ApJ, 
698, 1523 (2009); L. Sironi and A. Spitkovsky, ApJ, 726, 75 
(2011). 

[7]. J. Wardle, et al., Nature 395, 457 (1998)  
[8]. G. Weidenspointner, et al, Nature 451, 159 (2008). 
[9]. L. O. Silva, R. A. Fonsea, J. W. Tonge, J. M. Dawson, W. B. 

Mori, and M. V. Medvedev, Astrophysics. J, 596, L121 (2003). 
[10]. Hui Chen, et al., Phy. Rev. Lett. 102,105001 (2009); Chen, et al., 

Phys. Plasmas 16, 122702 (2009); Chen et al., Phy. Rev. Lett. 
105, 015003 (2010); Chen, et al., High Energy Density Physics, 
7, 225 (2011) 

[11]. Hui Chen, et al. Phys. Plasmas 20, 012507 (2013) 
[12]. Hui Chen, M. Nakai, Y. Sentoku, Y. Arikawa, H. Azechi, S. 

Fujioka, C. Keane, S. Kojima, W. Goldstein, B. R. Maddox, N. 
Miyanaga, T. Morita, T. Nagai, H. Nishimura, T. Ozaki, J. Park, 
Y. Sakawa, H. Takabe, G. Williams, Z. Zhang, New J. Phys. 15 
(2013) 065010 

[13]. Hui Chen, F. Fuiza, A. Hazi, M. Hill, D. Hoarty, S. James, S. 
Kerr, A. Link, D.D. Meyerhofer, J. Myatt, Y. Sentoku, and G.J. 
Williams, Submitted to Phys. Rev. Lett. (2015); Hui Chen, APS 
DPP invited talk, 2014.  

[14]. W. Heitler, The Quantum Theory of Radiation, Clarendon, 
Oxford (1954); K. Nakashima and H. Takabe, Phys. Plasmas 9, 
1505 (2002).  

[15]. O. Gotchev, et al., Rev. Sci. Instrum. 80, 043504 (2009). 
[16]. Hui Chen, G. Fiksel, D. Barnak, et al., Phys. Plasmas (Letter) 21, 

040703 (2014) 

 
  

 


